technological concepts and principles that can be related to a chosen career.
Nevertheless, in the Pre-engineering Strand is the Introduction to Engineering Design core. And within this strand are the students objectives which are used to create a product based on the principles and elements of design.
This Engineering Design strand is where Design-WithoutMake was tested, as it fulfilled the requirements for this standard course of study.
The state objectives which are listed below, were followed closely Identify the principles and elements of design Describe how the design process relates to technology and other disciplines Create a product based on the principles and elements of design
Prior Knowledge
The high school students entering this design topic lesson were expected to have pre-requisite basic knowledge of (i) Technology, (ii) its past, and (iii) what constituted a technological system before starting the lesson. Without this knowledge it would have been difficult for students to see how individual components in the system related to the part they were designing. Plus, prior to beginning this lesson students were expected to have read pages 145-147 and Chapter 9 in Technology: Today and Tomorrow by Brusic, et al (1999) . They were also expected to reference their designs back to Chapters 7 & 9 from the class text.
Teacher input and the process
Teachers were provided with given lesson plans which included a design PowerPoint (Thompson, 2009 ). Within the lesson plans a teacher had to outline the basics of the design process to include: design definition, design brief, design principles, design process and design proposal. The teacher had to discuss the 6 elements of design: line, shape, form, texture/shade, and color. Teachers also had to discuss and explain the 7 principles of design: balance, proportion, contrast, variety, harmony, unity, rhythm.
Included were the 8 factors of design: safety, reliability, economic consideration, quality control, environmental concerns, manufacturability, maintenance/repair, and · · · ergonomics. In class it was expected that the discussion was centered on how the elements, principles, and factors of design work together throughout the design process and how each connected into Barlex's design pentagon, as seen in Figure 1 .
Design-Without-Make Activity
At this juncture of teacher input, students were separated into random groups. Within the groups they were asked to research a new technology and to design a new implementation of that technology to solve a real world problem. Students had to follow the design process outlined in the PowerPoint (Thompson, 2009 ), which started with problem identification, and continued through brainstorming, rough sketching, and comprehensive layouts, and finished with presentation graphics.
Sometimes teacher input was required to assist students in choosing a technology and problem. Finally, students then presented their designs to their peers for critique and evaluation. As shown in Table 1 , a rubric was created to allow teachers to grade design results.
Basic Methodology and Experiment Design
The basic methodology for this blended study consists of both quantitative and qualitative components. In the quantitative component a non-equivalent quasiexperimental design is used. In the control group it used a traditional design-with-make class, while the treatment group consisted of a design-without-make class. Both groups were presented with equivalent pre-and post-tests, which were compared statistically using an ANOVA test. The qualitative data was collected in semi-structured teacher and student interviews. The whole experiment was based Figure 1 . The design decision pentagon on social learning theory -and its relevance to engineering design. This is connected to Problem Based Learning practice of design-without-make which in turn is intrinsically linked to social learning theory, and design and creativity within the engineering design classroom as shown in the Spendlove (2007) Problem -and Project-based learning A method of teaching problem-solving skills in which students work together as they progress through a series of steps to design, implement, and evaluate solutions to real world problems.
In both Problem-and Project-based learning (PBL), the teacher provides complex tasks based on challenging questions or problems that involve the students' problem solving, decision making, investigative skills, and reflection that include teacher facilitation, but not direction.
The teacher is more a facilitator and more focused on questions that drive students to encounter the central concepts and principles of a subject hands-on. Design-with-make Design-with-make uses six basic steps in every Technology Education design-with-make activity. They are 1. Identify and clarify problems; 2. Conduct research which might involve investigations; 3. Generate one or more design proposals; develop these so that they can be scrutinized for predicted performance and social/environmental impact; 4. Construct a prototype of the most promising design; 5. Experiment with sub-component designs as necessary; 6. Test/evaluate the constructed solution. Design without-make The methodology allows students to come into contact with creative design experiences without emphasis on building or project construction. A design-without-make activity is designed around six key concepts. These are 1. The Students design, but do not make; 2. They design products and services for the future; 3. They use new and emerging technologies in their design proposals; 4. They write their own design briefs; 5. They work in teams/ groups"; 6. They present their proposals to their peers, teachers, and mentors and to adult audiences at innovative conferences. Teachers are encouraged to challenge students with design-without-make activities which forces students to design products based on conceptual (what it does), technical (how it works), aesthetic (what it looks like), constructional (how it fits together), and marketing (who it's for) criteria without actually having to manufacture a final product for grading. what the student can achieve on their own, but not more than they can achieve with the teacher's help. He concluded that students learn and reason verbally and that the teacher was only there to provide the social interaction which the students needed since students learn through social interactions with knowledgeable members of culture (Gredler, 2005).
Design-With-Make
Traditionally technology educators have used design-withmake projects to enhance, encourage, and allow for creativity among its students. After all, when students are Kipperman and Sanders (2007) outline six basic steps in every Technology Education design-with-make activity.
They are "i). Identify and clarify problems; ii). Conduct research which might involve investigations; iii). Generate one or more design proposals; iv). Develop these so that they can be scrutinized for predicted performance and social/environmental impact; v). Construct a prototype of the most promising design, experimenting with subcomponent designs as necessar y; and vi).
shape new learning"; "learners construct rather than receive meaning"; "pupils share responsibility for learning with teachers"; and "pupils are motivated by dilemmas to which they are emotionally committed" (Barlex, 2007, p.156), will be most successful at integrating designwithout-make activities.
Banks and Jackson (2007) point out how, despite many students being motivated to take technology courses because of the hands-on process of physically making a product, these physical artifacts often lack any creativity or innovation on the point of the student, due to teacher designed plans. While these projects are easy to implement and fun for students to complete, often they are 
Advantages of Design-Without-Make
The implementation of design-without-make activities in place of some design-with-make activities within the Technology Education classroom has many advantages.
First, design-with-make is often approached as if the act of designing is a linear process, rather than an interconnected, reflective, non-linear series of steps (Barlex, 2008) . Figure 1 shows Barlex's design decision pentagon, which demonstrated the interconnectedness of the elements within the non-linear approach to designing taught in design-without-make activities. Second, group work and active involvement in the learning process, and risk-taking are all encouraged in design-without-make activities (Barlex, 2008 , Trebell, 2007 . These happen to also be important aspects of a creative learning environment, which is necessary for students to be innovative designers.
A third major advantage of design-without-make in the classroom is the lack of large amounts of physical resources required in traditional design-with-make activities, such as: tools, equipment, and consumable materials (Barlex, 2007) .
Research Questions
The research questions this study sought to address include:
Did students who participated in design-without-make activities achieve learning outcomes as successfully as students of traditional design-with-make activities?
What are student and teacher attitudes towards design-without-make activities within technology education?
Research Hypotheses
The following research hypotheses identify the study testing instruments and subsequent data analysis:
HO : There will be no significant difference in knowledge 1 gain between the traditional design-with-make (control) and design-without-make (treatment) groups.
HO : There will be no significant difference in attitudes 2 between the traditional design-with-make (control) and design-without-make (treatment) groups.
HO : There will be no significant difference in the 3 effectiveness of the traditional design-with-make (control) and design-without-make (treatment) groups.
Population Sample
Due to the non-random sampling present in the 
Control Group
For this study, after the pre-test, the control group received a standard course of instruction in design principles and 
Experimental Group
The experimental group also started with the pre-test, which was identical to the pre-test taken by the control group.
Students then received the treatment, which consists of a PowerPoint lecture on the principles and elements of design which was geared towards the completion of a design-without-make activity. For the design-without-make experiment activity students were asked to brainstorm and research an emerging technology. They were then asked to design a new product for presentation to the class, in which the new technology they had researched could be used to solve a real-world problem they have identified.
Lesson plans, PowerPoint, and activity guidelines, can be 
Testing Instrumentation
The pre-test and post-test were both derived from the non- tests were performed on the questions as they were pilot tested during development (Shown, 2008) . However, to establish reliability of the assessments used within this study, a split-halves correlation was performed comparing individual student performance on similar questions between the pre-and post-tests.
In developing these instruments from the overall item bank, the researcher isolated questions relating to the specific objectives involved in the research study unit. Then duplicate items were eliminated. Next, every other item was chosen for the pre-test and the remaining items were used in the post-test. Both tests were checked to approximate the consistency of items related to topics within the lesson and then one question was deleted from the pretest to make both tests of equal length for ease of comparison.
Data Analysis
After students took the pre-test and post-test, the assessments were scored. And an analysis of covariance The qualitative data was analyzed using keyword coding, which seeks to identify keywords indicating attitudes within the interview transcriptions. The keywords were also assessed based on context to determine whether they exude a generally positive or negative attitude towards the design-without-make process. Additionally, a frequency analysis was run for each question to determine the number of positive and negative comments given by the interviewees. These results were then grouped into charts and conclusions drawn as to student and teacher attitudes towards the design-without-make activity over all.
Analysis

Quantitative Analysis
This analysis section is in two parts: i) Quantitative analysis using descriptive statistics of the gathered data, and ii)
Qualitative analysis via brief interviews to teachers and students.
A one-way analysis of variance was conducted to evaluate the relationship between instruction and the change in preand post-test scores between groups. The pre-test scores were set as between-subjects factors, because of the comparison of scores between subjects, with two levels (i.e.
control and treatment). The post-test score was set as the dependent variable, because of that score's dependence upon the initial pre-test score and instructional methods used. Using SPSS statistical analysis software, the data was analyzed using a univariate linear model and then again using a comparison of means. Both tests yielded identical results.
The study consisted of 27 participants, with the control (Table 5 ) that the teacher had a generally positive view towards design-without-make, with a 2 positive comment to 1 negative comment ratio. It can also be inferred that the teacher can see both advantages and disadvantages to this methodology, but overall, they had a positive outlook for design-without-make. It can be inferred from the data (Table 6 ) that the students combined had a generally positive view towards design-without-make, with over 3 positive comments to every 1 negative comment. It can also be inferred that Student 1 had a much more positive 
Implications and Importance of this study
Design-without-make has many advantages to the modern technology education teacher. It promotes creativity, builds teamwork skills, helps students become more innovative designers, and requires far fewer resources than the traditional design-with-make activities.
According to the data collected in this study, the designwithout-make pedagogy is just as, if not more, effective than traditional design-with-make methodologies, which makes this pedagogy a new tool for the technology teacher. While design-without-make should not completely replace design-with-make projects in technology education, as technology education moves towards more integration with other subject areas design-without-make may become an even more powerful resource to many.
Recommendations for future research
This study can be used as a precursor to a more in depth design-with-make project or another design-without-make activity. Either may help reiterate and solidify the importance of the design process within students' minds.
Future research in this area might focus around:
Building stronger data sets using larger samples to test pedagogy effectiveness.
Multiple units of instruction to determine which topics · · are best taught using design-without-make methodologies.
Determining which type of teachers this pedagogy is best suited for.
Conclusion
From this research (Thompson, 2009) , the authors described how many students in North Carolina are motivated to take technology education because of its hands-on, project-based approach, but they also point out how, these physical artifacts often lack any creativity or innovation on the part of the student, due to teacher designed plans. While these projects are easy to implement and fun for students to complete, often they are evaluated based on the completion of the product and an accompanying portfolio activity. By incorporating designwithout-make projects in the place of traditional projects, many of these negatives can be avoided. However, if design-without-make activities are not helping students reach their standardized test score goals, then it is of no use to the modern technology education teacher who is revered or condemned based on those scores.
From this study, it appears that design-without-make is as effective a tool for teaching design fundamentals to students as traditional design-with make activities.
According to the data in this study (Thompson, 2009) , there was no significant difference in student performance between the groups when run at a 95% confidence interval. Part of this can be explained by Badran (2007) , who outlines that co-curricular activities, team work, diversified activities, and strong ties with industry are also important factors for developing creativity in the classroom. Creativity, which helps build intrinsic motivation within students (Spendlove, 2007) , is becoming increasingly more important to the future because of the "unlimited horizons" it may open up, providing for everbroadening, multidisciplinary creativity and innovation (Badran, 2007) . Creativity is directly integrated into the 
